OBJECTIVES: Long-term results of dietary and behavioral treatment of obesity fail to match the obese patients' expectations, as well as the professionals' requirements. The therapeutic challenge remains to induce behavioral changes during treatment which are maintained over a long period of time, thus enabling long-term weight maintenance. The paper develops a framework to improve lasting behavioral changes. RESULTS AND CONCLUSIONS: Four elements may enhance long-term success. First, patients' unrealistic expectations about the weight loss have to be modified and patients have to be supported in accepting moderate and modest weight losses as success. Second, behavioral change can only be achieved if treatment involves a long-lasting training process, which for most patients needs to continue more than a year. Third, behavioral and attitudinal change should be governed by the principle of flexible control of eating behavior, and rigid control should be discouraged. Forth, long-term success appears to be more likely, the more behavioral dimensions are involved in the process of behavioral change.
Weight loss: expectancy and reality
Mass media messages like 'The wonder of slenderness: how to loose 60 kg in 90 days and to stay in a good mood' promote unrealistic expectations of achievable weight losses in obese and overweight patients. Foster et al showed that 60 obese women strived for an average weight loss of 32% before a 48 weeks treatment program, and that they defined a weight loss of 17 kg as 'disappointing'. 1 Nevertheless, after an average weight loss of 16 kg, 47% of the patients did not achieve even a 'disappointed weight'. They concluded that a dramatic disparity between patients' expectations and professional recommendations regarding weight goals exists. In the long run, the discrepancy between patients' expectancies and real outcomes may be even more dramatic, although the lack of substantial long-term evidence is one of the most striking features of the obesity treatment literature. In reviewing dietary and behavioral treatments of obesity Ayyad and Andersen found that only a minority of 24 studies out of 740 provided more than three year follow-up data on more than 50% of the originally treated patients. 2 In these studies, only 20% of the patients with dietary treatment were able to maintain a weight loss of 10 kg or more during follow-up. In combination with behavioral treatment, the percentage of successful weight maintainers increased to 27%. Thus 70 to 80% of the patients regained their lost weight, which certainly is not what they had strived for. Thus, modifying patients' unrealistic expectations and helping patients to accept moderate or modest weight losses or even weight maintenance as treatment goals appears to be a major therapeutic task. 3 
Behavioral change
In addition to unrealistic expectations of treatment outcome, a number of other factors may be involved in poor long-term outcomes of obesity treatment. One key factor may be directly deducted from our increasing knowledge about the genetic background of obesity. Modern societies are characterized by environments which provide overabundance of easily accessible food for most people and at the same time reduce the necessity of physical activity in order to survive. In contrast to this, evolutionary selection should have favored behaviors which are in direct contrast to today's dietary and behavioral advice (see Table 1 ). Thus, it may be speculated that the alarming increase of obesity prevalence is promoted by genetically determined behavioral programs which have been superior during evolutionary selection, but nowadays are inappropriate. Therefore, preventive and therapeutic efforts have to support behavioral changes in a direction which is opposite to the supposed genetic predetermination.
The acquisition and maintenance of new behavior may be described as a 6 step change process, each step having particular motivational, cognitive and behavioral characteristics. (1) The first step is problem consciousness. In this step a subject knows that his actual behavior is not in accordance with specific behavioral goals, eg a subject realizes that he exercises for at least half an hour less than 4 times a week. However this knowledge about the discrepancy between actual and desirable state does not automatically induce behavioral change. (2) When motivational barriers are overcome, the second step of attitudinal change takes place where a person already has built some motivation towards behavioral change, for example he may think 'I should exercise more'. However, this attitudinal change will often be too global and abstract to lead to direct action. (3) The next step which should be supported by therapeutic efforts is to translate this attitudinal change into behavioral intentions, with more specific intentions being more likely to induce specific behaviors, eg, the attitude 'I should exercise more' is not very likely to yield the desired result while 'As soon as I come home I will ride my bike for 15 minutes even if it rains', is more likely to lead to action. In a therapeutic context the formulation of behavioral intentions may take the form of developing and assigning behavioral tasks to the patient. (4) In the next step the patient may actually carry out the desired behavior which often has the character of a behavioral trial. This is certainly a significant step. (5) However, with regard to long-term success the next step requires behavioral stabilization. While direct behavioral changes are often self-reinforcing, maintenance of change is often not. Therefore, during this long-lasting stage the patient has to be supported and motivated over and over again. (6) Even after a longer period of behavioral stabilization there is a high risk of giving up the new behavior and to relapse into old behavioral patterns. Relapse prevention has to prepare the patient for this risk and to provide procedures to counter lapses or relapses as early and efficiently as possible.
It appears unrealistic to expect such behavioral change to occur after some short-term instruction, education or counselling. We have learnt from cognitive psychology that longterm memory may be subdivided into declarative memory and procedural memory. While the former holds knowledge about facts, relationships etc., the latter stores skills and the memory of actions. Quasi-automatic behavior is largely controlled by the procedural memory. The only way to build up procedural memory is by practice and training, eg, learning to drive a car in driving school does not only require declarative knowledge about the function of the break, steering wheel and traffic rules, but requires practice and training in driving the car, and even after some practical training, it is not guaranteed that somebody with a driver's licence will not have an accident throughout his life. The same is true with acquisition of a new sport eg tennis. It is not sufficient to watch tennis matches on the TV, although one may learn declarative knowledge about the rules and even about the ball speed of an ace. However, to learn to play tennis requires practice and training on the court and for most people it takes some years of training until they would be successful at minor regional championships.
Taken together, it seems highly probable that the treatment of obesity requires long-term training of behavioral change in order to be successful in the long run. There is some limited evidence which supports this view. Björvell and Rössner have carried out an extraordinary study on longterm treatment of obesity over 4 y with an additional followup after 6 to 8 more years, ie 10 -12 y after the start of treatment. 4, 5 At the beginning, subjects received intensive treatment during a 6 week stay in a hospital day care unit. Treatment comprised standard behavioral therapy (twice a week), relapse prevention, training in low energy cooking, a low energy diet, and exercise 3 times per week. After this initial treatment, subjects received weekly booster sessions for a period of four years. Even after this, nearly all patients experienced relapses during this period and were readmitted to the day care unit for a further two weeks at least once. The results are as remarkable as the approach. After 4 y of treatment, on average all subjects perfectly maintained their weight loss of approximately 15 kg in women and 20 kg in men during the follow-up period of 6 -8 y. Thus intensive long-term behavioral treatment of obesity may be successful in inducing long-term weight maintenance.
Cognitive control of eating behavior
An important point in the treatment of obesity is that during the steps of behavioral change and behavioral stabilization, some cognitive control of eating behavior is required. Such cognitive control has been termed dietary restraint which is defined as the behavioral tendency to restrict food intake in order to reduce or maintain body weight. While the importance of such restriction as a therapeutic goal in obesity treatment is obvious, it has been shown that dietary restraint may be associated with periods of overeating, and indeed is one of the major risk factors for the development of eating disorders. 6 However, it has been shown that dietary restraint is not a homogeneous construct, but includes two distinct The therapeutic challenge J Westenhoefer cognitive and behavioral styles: rigid control and flexible control of eating behavior. 7 Rigid control is characterised by a dichotomous 'all or nothing' approach to weight and eating, where periods of strict dieting alternate with periods without any weight control efforts. Rigid control includes extreme behavioral measures such as severe restriction of energy intake, attempts to totally avoid sweets or other liked foods. Flexible control on the other hand is characterised by a graduated 'more or less' approach to eating and weight control, which is understood as a long-term or even permanent task. Behavioral measures include eating sweets in limited amounts with pleasure or deliberate compensation for higher intakes in certain situations. Recently, a validated instrument became available to reliably assess rigid and flexible control of eating behavior. 8 The reported validation studies showed that rigid control is consistently associated with higher BMI in several samples, while flexible control is consistently associated with lower BMI and better weight loss. With regard to patterns of disordered eating, flexible control has been associated with less frequent and less severe episodes of binge eating and with lower scores of the TFEQdisinhibition scale (TFEQ by Stunkard and Messick 9 ) which may be considered as a scale to assess emotionally and externally triggered overeating. Rigid control on the other hand has been associated with more disordered eating patterns. These results strongly suggest that discouraging patients to practice rigid control of eating behavior and to motivate and support them in the development of flexible control may be essential for treatment success.
Behavioral changes for weight maintenance
The poor long-term outcomes of obesity treatment highlight the fact that we do not understand which behavioral strategies are promising and successful for long-term weight maintenance. This is the main question that we are currently addressing in the Lean Habits Study. This study is an ongoing prospective longitudinal study of 7000 participants in the BCM diet program. We are going to follow up the participants for a total of three years and to investigate the association between behavioral strategies and the development of body weight. The primary aim of this study is to identify differences between successful weight maintainers and weight regainers. The first one-year follow-up results of 1359 patients yielded some interesting findings. We were able to identify a number of behavioral dimensions which were associated with short term improvements during treatment. Subjects with more successful one year weight reduction were able to maintain these improvements over the one year while subjects with less success relapsed into their previous behaviors. These dimensions were flexible control of eating behavior, regular meal rhythm and frequency (including avoidance of snacking), quality of food (low fat, fresh fruit and vegetables), meal situations (taking time, sitting down etc.), restriction of quantity of food and coping with stress.
In order to identify individual differences in the effectiveness of these behavioral strategies we looked at subgroups of patients with low scores for each of these dimensions. Then we examined the rate of successful weight reduction defined as a 5% weight loss over one year depending on whether the patients improved at the dimension with low scores and=or at other behavioral dimensions. For each of the following dimensions we found a very similar pattern of results: for meal rhythm and frequency, quality of food, meal situations, restriction of quantity of food, exercise and physical activity and coping with stress. If patients had low scores for these dimensions (problem dimension) and did not improve this dimension or a number of other behavioral dimensions, an average of 30 to 40% were successful after one year. If they improved their problem dimension but not at least three other dimensions the success rate increased to 50 -70%. If they did not improve their problem dimension but improved three or more other dimensions, their rate of success was about the same. In those subjects who improved their behavior of their problem dimension as well as at other dimensions, the rate of successful weight reduction reached 80 -85%. In addition, we found that the rate of successful weight reduction increased with the number of dimensions where the subjects improved their behavior (see Figure 1 ).
Conclusions
Obviously there is no single most successful strategy for weight reduction and maintenance, but the simultaneous availability of a number of different strategies enhances the probability of success. The more strategies are adopted the higher the likelihood of success will be. This points to the conclusion that isolated changes of single behaviors will not suffice for long-term success, but that more complex changes of many behaviors and perhaps life-style as a whole are necessary for long-term weight maintenance. Taken Figure 1 Percentage of subjects with successful one year weight reduction, ie weight loss of 5% or more, depending on the number of improved behavioral dimensions.
The therapeutic challenge J Westenhoefer together, these behavioral and attitudinal changes appear to require a long-term training process which for many obese subjects will take considerably more than one year. It seems to be important that behavioral and attitudinal changes are governed by the principles of flexible control and that patients are motivated and supported in giving up unrealistic expectancies about achievable weight loss and rigidly controlled eating behavior.
